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On October 8th and 9th and December 11th, 2014 a geophysical survey was 
conducted on two areas adjacent to McCoy Bridge in Macon County, North Carolina. 
The purpose of the survey was to identify a potential Cherokee Indian habitation site that 
may have existed in this location. This project was unique in that the geophysical survey 
maps were created prior to mechanical stripping and compared to feature locations 
created by archaeologists after the topsoil had been removed. Researchers were then able 
to accurately determine the ability of ground penetrating radar (GPR) and magnetic 
gradiometer to detect subsurface features within the cultural landscape that once existed 
at sites 31MA684, floodplain, and 31MA774, hilltop. The geophysical survey used a 400 
megahertz (MHz) GPR antenna and a Bartington fluxgate gradiometer; all data were 
collected at 50 cm transects. The geophysical survey successfully identified 
approximately 50 percent of the larger features. However, of the 402 features found by 
archaeologists, most (288) were small post holes. Coupled with the relative dielectric 
permittivity (RDP) of the site, identification of these features proved extremely difficult 
with the GPR. Additionally, the field in which the survey was conducted had years of 
documented plowing that created deep furrows, resulting in multiple GPR coupling 
errors. The negligible difference between the feature matrix and surrounding soil 
combined with the lack of burning also contributed to the inability of either the GPR or 
gradiometer to detect features. Possible solutions for a higher recovery rate would be to 
 
decrease the transect spacing and using a higher frequency antenna in conjunction with 
the 400 MHz antenna. 
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CHAPTER I 
INTRODUCTION 
Geophysical surveys using multiple geophysical tools allow geographers and 
cultural landscape archaeologists to discover and map subsurface features in ways not 
previously possible (Conyers 2004; Kvamme 2003, 2006). Typical archaeological survey 
practices consist of tedious shovel tests and surface collections which can become very 
expensive and time consuming. The benefits of conducting a geophysical survey before 
or in lieu of a full-scale excavation can give researchers a better understanding of where 
to focus research efforts before any excavation takes place. This has the potential to not 
only save time and money for both researchers and contractors of a project but also helps 
to preserve the cultural integrity of a site. 
A geophysical survey was conducted prior to mechanical stripping on two areas 
adjacent to McCoy Bridge in Macon County, NC (Figure 1) to look for any cultural 
remains that might exist and potentially be destroyed upon widening of the bridge. Field 
work for this project took place on the 8th and 9th of October and the 11th of December, 
2014. The site was located in the Appalachian summit region of western North Carolina 
(Figure 1). This area of North Carolina exhibits evidence of continued habitation from the 
Paleoindian to the historic period (Idol et al. 2017; Keel 1976; Rodning 2004; Ward and 
Davis 1999; Wetmore 2002). The survey consisted of using a ground penetrating radar 
(GPR) and magnetic gradiometer to collect all geophysical data. 
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The primary questions being investigated by UNCG and TRC archaelogoist: 
1. Will this geophysical survey lead to a better understanding of the Qualla Cherokee 
landscape at these sites and the surrounding region? 
2. What is the relative effectiveness of ground penetrating radar and magnetic gradiometer 
in identifying the location of cultural features at these sites (31MA684 and 31MA774)? 
Additionally, researchers sought to ascertain: 
3. What challenges are associated with using geophysical equipment? 
4. Can a systematic soil sampling or ground-truthing/excavation at various feature 
locations help to refine the efficiency of the geophysical equipment? 
The second chapter of this thesis will be a literature review which will give a brief 
description of general geophysical survey methods, focusing on GPR and magnetic 
gradiometer. Three sites located within the Appalachian Summit region of North Carolina 
that utilized a GPR and a magnetic gradiometer survey will be discussed in detail within 
this section as well. The third chapter will provide a brief cultural and physical 
description of sites 31MA684 (floodplain) and 31MA774 (hilltop) and will review the 
methods used both in the field and in the laboratory to collect and process all of the data. 
The fourth chapter will present the field and laboratory results. This will be followed by a 
discussion comparing the geophysical results with the mapped results of the cultural 
features found by TRC. The final section will discuss the results and what they mean for 
the site as a whole and present the conclusion along with future research suggestions. 
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Figure 1. McCoy Bridge Geophysical Survey Grids with Topography 
4 
CHAPTER II 
LITERATURE REVIEW 
Many archaeologists have come to realize that to fully grasp a site’s use and 
purpose, geophysical methods need to be incorporated into the survey process (Clay 
2001a; Kvamme 2003,2006; Leckebusch 2003; Bruseth, Pierson, and Johnson 2007; 
Hargrave, Britt, and Reynolds 2007; Perttula, Walker, and Schultz 2008; King et al 
2011). Conyers (2004:1) describes geophysics pertaining to archaeology as “...a method 
of data collection that allows field archaeologists to discover and map buried 
archaeological features in ways not possible using traditional field methods.” 
Geophysical methods employ a multitude of tools to measure, actively or 
passively the feature’s physical and chemical properties of the subsurface that can then be 
mapped and measured (Kavamme 2003; Conyers 2012). Kvamme (2003: 435) argues that, 
…by placing focus on such buried features as dwellings, storage facilities, public 
structures, middens, fortifications, trails, or garden spaces that are not commonly 
revealed through most contemporary surface inspection methods, a richer view of 
archaeology, the past, and cultural landscapes can be achieved. 
He goes on to argue that the best way to view these features is through 
geophysical surveying by using such techniques as magnetic gradiometer, resistivity, 
electromagnetic conductivity and ground penetrating radar (GPR), to name a few. Of 
these technologies GPR and magnetometers configured as gradiometers are commonly 
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used in the archaeological field to aid in site interpretation prior to excavation (Conyers 
2012; Kavamme 2003; Moore 2009; Perttula, Schultz, Walker 2008). 
GPR is an active remote sensing method that transmits radio waves in the 
megahertz (MHz) or gigahertz (GHz) range into the ground from a single send/receive 
antenna or antenna pair. As the energy is transmitted through various materials and 
reflected back to the receiving antenna, signal velocity can be calculated and converted 
into depth of a buried feature/soil matrix. As the antenna is either pushed or pulled along 
transects in a georeferenced grid a two-dimensional vertical profile of radio waves is 
produced (Conyers 2004, 2012). For archaeological purposes, transects are usually 
spaced one half meter or less apart, depending on the frequency of the antenna in use. 
The signal transmitted from higher frequency antennas (900MHz) attenuates much faster 
than lower frequency antennas (200MHz); therefore, the target size and depth is always 
an important factor to take into consideration before conducting a survey (Conyers 2012). 
When the radar wavelengths encounter features (pits, walls surfaces, house floors), or soil 
changes that differ in their dielectric constant from the surrounding soil matrix, a portion 
of the energy is reflected back towards the receiving antenna where the amplitude (seen 
as a hyperbolic reflection) and time (in nano seconds) is recorded in the vertical profile 
(Conyers 2013). 
Most GPR antennas used for archaeological purposes produce frequencies that 
fall within the 200 to 900MHz range and can accurately detect features 1-3 meters below 
the surface; depending on the antenna (Conyers 2012; Wright 2014; Kvamme 2003). 
Additional factors that must be considered before choosing what type of antenna to use 
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are soil types, soil chemistry, hydrology and natural features such as rocks, tree roots, or 
animal burrows. The spatial distribution and type of cultural features that may be present 
must be considered as well. These factors can cause the antenna’s signal to attenuate and 
affect the quality of vertical profiles and depth slice maps that can be produced (Conyers 
2012; Kvamme 2003; Leckebusch 2003). When properly used GPRs can predict with 
relative accuracy where culturally significant features are located and at what depth 
(Kvamme 2003; Leckebusch 2003). It is the GPR’s ability to calculate depth that enables 
specialized software to create accurate three-dimensional data sets of subsurface features. 
Once exported to a Geographic Information System (GIS), other spatial information 
(elevation, slope, historic maps, total station data) can be combined to map and aid in 
geographical and cultural management (Leckebusch 2003; Turner, Stine, Lukas 2015). 
Magnetometers, often referred to as gradiometers, are passive sensors that are 
sensitive to objects and soils that contain iron and are capable of recording the strength of 
the earth’s magnetic field at a given time and place (Clay 2001a). Under the proper 
conditions, they are able to measure relatively small local variations in magnetism and 
distinguish buried objects and features as anomalies. These anomalies must differ in 
magnetic strength from the earth’s magnetic field in order to be ‘seen’ by a 
magnetometer. Magnetic variation is recorded in units of nanoTeslas (nT) and is often 
restricted to +/- 100 nT range, but today’s sensors are very sensitive and are capable of 
precision down to the .01 nT. Gradiometers can typically measure to roughly 2 m in 
depth, depending on the magnetic strength of the anomaly being observed (Clay 2001a). 
7 
There are many factors that contribute to variations in magnetism. Kvamme 
(2008) states that while there are natural causes for magnetic variations, there are certain 
anthropogenic processes that are unique to culturally significant sites and can be observed 
using a magnetometer. Heating or burning of features and objects (such as pits, posts, 
hearths, cooking pits, bricks, etc.), can cause what is known as thermoremnant 
magnetism. This is when iron oxide and other ferrous minerals contained in the soil or 
object is heated over its Curie Point and loses its magnetism. The magnetic domains then 
become aligned with the local magnetic field at the time of cooling (Aspinall, Gaffney, 
and Schmidt 2008). Waste heaps are another feature that can be observed with a 
magnetometer. Fermentation can occur due to microorganisms such as bacteria, yeast, 
and fungi can cause weakly magnetic minerals (ex. Hematite) to be converted to minerals 
with increased magnetic susceptibility (maghemite). However, this phenomenon is 
usually best observed with a magnetic susceptibility meter. Certain bacteria have also 
been recorded in abundance in decaying wooden posts. These bacteria have been found to 
create magnetic, micron sized, crystals within their bodies. Small signatures such as these 
can be recorded with a sensitive magnetometer. Back-filling a ditch or hole can also 
result in an area of differing magnetic properties due to the topsoil having higher 
magnetic susceptibility than the surrounding subsoil (Aspinall, Gaffney, and Schmidt 
2008). 
There are multiple sensors and configurations used for magnetometry. This report 
focuses on the hand-held fluxgate gradiometer (Clay 2001a; Bruseth, Pierson, and 
Johnson 2007). A fluxgate gradiometer measures the difference in magnetism (measured 
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in nanotesla (nT)) between two vertically separated heads, usually a meter apart, that 
simultaneously records the earth’s magnetic field and local magnetic variation at the time 
of collection (Clay 2001a). The uppermost sensor records the earth’s magnetic field 
strength at the time of collection. While the bottom sensor is equally sensitive to the 
ambient magnetism, it will also record any local influences, potentially identifying 
subsurface features of geographic and cultural interest. The difference results in positive 
and/or negative local contrasts (Clay 2001a; Turner, Stine, Lukas 2015). These contrasts 
appear as either dipole (both positive and negative peaks) or monopolar (either positive 
or negative peaks) anomalies in magnetic surveys (Hargrave, Britt, Reynolds 2007). 
Gradiometers are most often carried by an operator who walks along 
georeferenced survey transects, collecting data at a given number of samples per meter, 
also factoring in the operators walking speed (Turner, Stine, Lukas 2015). The data are 
viewed in specialized software that can produce an image/map with a grayscale; low to 
no local variation appearing as gray, positive variation appearing as black and negative 
variation appearing as white. Though the exact depths of features or objects cannot be 
ascertained, magnetometers can pick up small variations in magnetic fields that would 
otherwise be undetectable. The distribution of these local variations can often form 
patterns or shapes that are indicators of buried cultural or natural features (Clay 2001a; 
Turner, Stine, Lukas 2015). 
There are many publications that represent geophysical surveys’ ability to map 
sub-surface cultural features with impressive clarity (Conyers 2012; Kvamme 2008; 
Sturm and Crown 2015; Whiting, McFarland and Hackenberger 2001). Often, however, 
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geophysical equipment can only give researchers a general idea of the feature of interest. 
Conyers (2012) discusses areas were projects did not go well or mistakes were made and 
Jensen (2003) has noted where traditional optical remote sensing has often been oversold 
as to its abilities. Issues can occur such as the signatures recorded by survey instruments 
may not have the same dimensions as the sub-surface feature which they represent. 
Additionally, buried features with weaker signatures can be masked if there are objects 
with stronger signatures overlying them or in close proximity. Hargrave (2006) Conyers 
(2012) and Rogers et al. (2012) have noted that buried objects will vary in intensity 
depending on the soil matrix and level of moisture; which can also mask features. 
Though these issues are certainly challenges, they are noted to inform the 
researcher that to truly understand a site ground-truthing is still a necessary task. A 
geophysical survey map, while highly effective at narrowing down the location of 
culturally significant features, should not be assumed to perfectly portray the features 
they represent (Hargrave 2006), and necessary steps need to be taken to optimize 
subsurface mapping efforts. 
Some of the uncertainty of geophysical surveys can be alleviated by using more 
than one instrument. Thus, the use of multiple instruments has become common practice 
and allowed researchers to discover and map subsurface features in ways not previously 
possible (Conyers 2004; Kvamme 2003, 2006; Stine and Stine 2013). While there are a 
wide variety of instruments capable of conducting a geophysical survey (e.g. resistivity, 
conductivity, magnetic susceptibility, aerial photography, multi spectral satellite 
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imagery), GPR and magnetic survey have become the most commonly used together as 
complementary methods (Patch and Lowry 2013; Stine and Stine 2013; Wright 2014). 
Three geophysical projects (Figure 2) that exhibit geographic and cultural 
similarities that are relevant to this research and have undergone extensive geophysical 
and archaeological investigations: Kituhwa mound (31SW2), village (31SW1) and 
surrounding sites, Garden Creek (31HW8), and the Berry Site (31BK22). Each is 
reviewed below, with several questions in mind: What is the relative effectiveness of 
GPR and magnetic gradiometer in identifying the location of cultural features at these 
sites? What information can the geophysical survey provide concerning the location and 
characteristics of subsurface features, and how useful are these techniques in guiding the 
data recovery process? Can ground-truthing/excavation at various feature locations help 
to refine the efficiency of the geophysical equipment? What challenges are associated 
with using these tools? 
The Berry site, known as Joara, was the central town of a Mississippian chiefdom 
that was located along the upper Catawba River in present day Burke County, North 
Carolina. This site was one of the largest late prehistoric sites in the upper Catawba 
valley with an example of a Mississippian mound, and one of the earliest European 
settlement in the interior of the present-day United States. In the 16th century the Spanish 
conducted expeditions to colonize parts of what was to be become the southeastern 
United States. One of these expeditions, led by Spanish Captain Juan Pardo, left present-
day Paris Island, South Carolina on December 1566 with orders to pacify the local 
Indians to claim the land for Spain and to find an overland route to central Mexico. In 
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January 1567 Captain Pardo reached the town of Joara and constructed Fort San Juan. 
The Pardo expedition constructed 5 other forts on his expedition across North Carolina 
and eastern Tennessee, though it was said he believed San Juan to be the most important. 
However, by May 1568, word had reached Spanish officials that all 6 forts had been 
attacked by the local Indians and been destroyed (Beck, Moore, Rodning 2006). 
In June of 1997 (Hargrove and Beck 2001) a magnetometer survey was 
conducted on a 0.9 acre section of the Berry site. A Geoscan FM fluxgate gradiometer 
was used to collect the data with readings taken every 25cm along transect spaced 50cm 
apart. The area chosen for survey was situated on a field that was used for corn 
cultivation and as such had been repeatedly plowed. Of interest to note is the authors did 
not mention any type of distortion or stripping effect caused by plowing scars that was 
reported by the authors of the next two studies. 
Over the course of the survey 5 large positive anomalies were detected with the 
magnetometer, indicating the presence of large cultural features. The anomalies were 
tested using an auger; with soil cores every meter along a grid. All the samples had thick 
lenses of burned debris below the plow zone which confirmed that there were burned 
structures (Hargrove and Beck 2001). One of the structures, Anomaly 1, was described 
by Hargrove and Beck (2001:4) “…in form and size it has a striking resemblance to the 
footprints of late prehistoric Pisgah phases houses of the Appalachian Summit area.” 
Excavations the following spring were able to confirm that these were in-fact burned 
structures and likely associated with Fort San Juan (Hargrove and Beck 2001). An 
additional 4 hectare (ha) of the site was surveyed with a gradiometer. These results 
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revealed five burned structures along with a possible palisade (Beck, Moore and Rodning 
2006). 
The use of a gradiometer at the Berry site enabled researchers to identify and 
locate with a high degree of accuracy five burned structures. Though auger testing and 
limited excavation were used to confirm these findings, the structures would not have 
been found with such ease had it not been for the implemented geophysical equipment. 
The Berry site demonstrates the value of using a single geophysical tool in conjunction 
with ground truthing to find significant cultural remains. 
The Garden Creek site (Figure 2) was located at the confluence area of Pigeon 
River and Garden Creek in Haywood County, North Carolina. Over the years there have 
been multiple periods of excavations here, both professional and amateur, as well as 
geophysical surveys (Keel 1976; Wright 2014). Garden Creek was one of the 
Appalachian Summit region’s earliest known mound (Wright 2014). This site has also 
seen multiple periods of regular plowing for agriculture and beginning in 1950s, much of 
the land containing the mounds was sold for residential development. None the less, two 
existing mounds were identified and became the focus of excavations and surveys 
beginning in the early 1960s. Mound 1 revealed several Mississippian Period (Pisgah 
phase (1000-1450)) earth lodges and homes. Mound 2 showed evidence of occupation 
from the Middle Woodland Period (Swannanoa (1000-300 B.C.) (Early), Pigeon (300 
B.C.- A.D. 200) (Middle), and Connestee (A.D. 200-800) (Late) as defined by Keel 
(1976)). 
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The area around Mound 2 was surveyed over the course of 2 field seasons (2011 
and 2012) (Wright 2014) The geophysical survey conducted primarily on the non-mound 
components to identify and map the extent of the Middle Woodland occupation at Garden 
Creek. The survey during the 2011 season utilized a magnetic gradiometer and the 2012 
season included additional gradiometer work, GPR and magnetic susceptibility (Wright 
2014). 
The 2011 field season was conducted in an area having the least proximity to iron 
objects associated with the modern subdivision which would present magnetic 
disturbances in the magnetometer data. A Bartington Grad601-2 dual fluxgate 
gradiometer was used to survey these areas along transects that were spaced 0.5m apart. 
These surveys yielded little evidence of archaeological features. One of the hayfields 
surveyed exhibited very strong magnetic anomalies but these were believed to have been 
of geological origin or possibly caused by a lightning strike. There were other anomalies 
consistent with buried archaeological features but due to similar magnetic responses 
between the features of interest and plowing scars, coupled with high levels of 
background noise, identification was extremely difficult (Horsley 2014). 
One area of the survey however, showed numerous discrete magnetic anomalies. 
Due to the absence of strong plowing effects seen elsewhere on the site, a better feature 
definition could be seen. The signatures of these anomalies were consistent with buried 
pits and hearths (Horsley 2014). These features were confirmed via coring and 
excavation, helping to enhance the interpretation of magnetic readings from other 
portions of the site. A curvilinear anomaly was also discovered, representative of a sub-
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rectangular ditched enclosure, which was confirmed via excavation to be a 1m deep ditch 
with significant quantities of Early Woodland/early Middle Woodland ceramics (Wright 
2014). Additionally, a possible mound feature appeared to be located over one of the 
enclosures mentioned above. The discovery of these 2 rectangular features and mound 
feature warranted a second geophysical survey the following season. 
The 2012 Geophysical survey included additional magnetometer surveys, as well 
as magnetic susceptibility and GPR. The magnetometer survey used the same parameters 
as the 2011 season to ensure consistency in the results; producing similar data as well 
(Horsely in Wright 2014: Appendix A). While there appeared to be a combination of 
modern and prehistoric anomalies in the magnetometer data, background noise (similar to 
that of previous years) from nearby ferrous material and plow scar stripping caused by 
agricultural practices partially obscured the magnetic signature of any archaeological 
feature present. 
The GPR survey used Noggin sensors and software system, equipped with a 250 
MHz antenna. Due to the GPR being unaffected by the nearby ferrous material, it was 
employed particularly to investigate the two previously identified geometric enclosures. 
Horsely (2014) states that the GPR could detect features through the disturbed plow zone 
and provide a clearer image of the subsurface features. The GPR survey in the area of the 
enclosures resulted in the identification of basins, pits, trenches, and even large postholes 
below the plow zone (Wright 2014). Magnetic susceptibility was the final geophysical 
tool to be implemented in the 2012 season. It was employed in the hopes that a magnetic 
susceptibility survey could quickly and accurately determine the entire extent of the site 
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by locating where human activity had increased the magnetic qualities of the soil 
(Horsely 2014). At the conclusion of the 2012 field season, a total of 8 hectares were 
covered by gradiometer survey, 0.9 hectares by GPR, and 11 hectares by magnetic 
susceptibility survey. 
The work at Garden Creek illustrates the importance of incorporating a variety of 
geophysical tools into a survey. Unwanted noise and other issues that were encountered 
in the 2011 survey with the use of a single sensor were overcome by employing 
complimentary geophysical tools. These allowed known and newly discovered features to 
be mapped and placed into their proper cultural context. 
The work most geographically and culturally relevant to geophysical 
investigations at 31MA684 and 31MA774 was conducted at Kituhwa mound and village 
area in Swain County, North Carolina (Figure 2). Kituhwa is the “largest continuous 
mound and village complex in North Carolina” (Riggs and Shumate 2003:73) with 
Archaic, Woodland, Mississippian (Pisgah and Qualla) and historic (Qualla and Anglo) 
components. 
The first geophysical survey was conducted at the Kituhwa mound and 
surrounding area by Berle Clay (2001b) in May of the same year at the request of the 
Eastern Band of the Cherokee Indians. The survey was conducted using a Geoscan FM36 
fluxgate gradiometer, covering a total area of 2.76 ha. The survey primarily centered on a 
pre-existing mound and nearby surrounding area. The gradiometer data could provide 
evidence for the existence of at least one burned structure, as well as a possible Cherokee 
‘townhouse’, with evidence of other burned structures existing below it (Clay 2001b). A 
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central hearth associated with the townhouse is also identified in the mound vicinity, in 
addition to a doorway, walls, and a mound construction ramp (Riggs and Shumate 2003). 
The anomalies seen in the gradiometer data of this area correlate with cultural material 
found from surface collection and shovel tests, indicating a high likelihood of 
archaeological features. The stripping effect, observed in the above studies, obscured 
many of the potential features. Clay (2001b: 8) states, “The act of plowing ‘restructures’ 
the magnetic materials in the plow zone...,” and goes on to say, “Because the range in nT 
of these stripes is the same as the range of variation in nT of archaeological features 
below plow zone, they powerfully obscure the archaeological features.” The gradiometer 
was able to identify two known residential hearths in an area that the plow zone removed. 
Two additional sections were surveyed with the gradiometer in conjunction with 
plow zone removal by Riggs and Shumate (2003) in the same year. Riggs and Shumate 
(2003) note that features encountered after plow zone removal vaguely corresponded to 
the magnetic maps produced of the same area. They believe this is likely due to the lack 
of magnetic contrast between feature fill and the surrounding soil matrix. Both surveys 
collected gradiometer data along transects that were spaced 1 meter apart, with 4 readings 
taken per meter. Clay (2001b) states that greater resolution of archaeological features 
below the plow zone could be obtained with closer transects and more samples taken per 
meter. 
Palmyra Moore (2009) returned to Kituhwa in 2006 and 2007 to conduct a 
geophysical survey. Moore (2009) resurveyed the mound and surrounding area with a 
gradiometer, using closer transects intervals (0.5m instead of 1m) as recommended by 
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Clay (2001b). In addition, Moore conducted a resistivity survey and a GPR survey, which 
could identify structural features, middens, as well as image the internal structure of the 
townhouse and mound in greater detail, all of which was not possible using only the 
gradiometer at a coarser resolution. Smaller isolated features, such as postholes, proved 
to be a challenge to identify, however. The only geophysical tool that could distinguish 
these types of features with any degree of success was the gradiometer. Moore (2009) 
found that fragments of fire baked clay were a strong ‘indicator’ of the presence of 
postholes in the magnetic data. It should be noted that the clay fragments were only seen 
as ‘indicators’ and instances occurred where these fragments were present with no 
associated posthole. Moore (2009) goes on to state in general that burials and pit features 
were not detected by the geophysical instruments used because they didn’t provide 
enough contrast with the surrounding soil matrix. She believes this was because the 
organic contents of the graves and pits decomposed to such an extent as to blend into the 
surrounding soil matrix (Moore 2009). 
The original gradiometer survey was able to map several burned structures on the 
mound that were not able to be detected with the GPR. Several features in the vicinity of 
the mound were obscured in the original gradiometer survey due to plow zone stripping 
but were able to be clearly detected due to the addition of the GPR and resistivity survey. 
Despite being unable to easily discern smaller isolated features such as burial and pits, 
Moore’s work at Kituhwa mound demonstrates the benefits of using multiple geophysical 
tools.  
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Figure 2. Geophysical Projects Relevant to the Work at 31MA684 and 31MA774 
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CHAPTER III 
METHODS 
The project area is located roughly seven miles (11.3km) northwest of the town of 
Franklin in Macon County, NC (Figure 1). Site 31MA684 is located on the east side of 
the Little Tennessee River on a floodplain terrace used for agricultural purposes. Site 
31MA774 is located directly east of site 31MA684 and east of NC 28 and its intersection 
with Rose Creek Road, in a fallow field on a hilltop terrace. The elevations range from 
roughly 1,930 AMSL, on the floodplain, to about 1,990 AMSL, on the hilltop (Figure 1). 
The floodplain consisted of Rosman fine sandy loam, 0 to 2 percent slopes, frequently 
flooded. The hilltop area was predominately Braddock clay loam, eroded with 2 to 8 
percent slopes with some Braddock clay loam, eroded with 8 to 15 percent slopes (Figure 
3) (http://websoilsurvey.sc.egov.usda.gov). Rosman soils are found on flood plains in the 
Southern Appalachian Mountains and form in recent loamy alluvium derived from 
igneous, high-grade metamorphic or low-grade metasedimentary geology 
(https://soilseries.sc.egov.usda.gov). In this location, the soil is characterized by a dark 
brown surface layer (A horizon) and a strong brown (Bw horizon) subsoil (Idol 2017). 
Braddock clay loam soils are found on foot slopes of ridges and high terraces in 
colluvium and alluvium derived mainly from a mixture of crystalline rocks 
(https://soilseries.sc.egov.usda.gov). It ranges in color from reddish brown surface layer 
(Ap horizon) and a red clay (Bw) subsoil (Idol 2017). 
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The project area resides within the Appalachian summit region of North Carolina 
(Figure 2). This region can be divided into 5 main cultural time periods- Paleoindian 
(9000-8000 B.C.), Archaic (8000-1000 B.C.), Woodland (1000 B.C.-1000 A.D.), 
Mississippian (1000-1500), and Protohistoric/Historic (1500-1838 A.D.)-with each 
period being subdivided into several phases (Idol 2017; Keel 1976; Rodning 2004; Ward 
and Davis 1999; Wetmore 2002). Site 31MA684 had evidence of continued habitation 
from the Paleoindian period through the historic period; site 31MA774 primarily 
exhibited evidence of habitation in the Late Qualla phase (Idol 2017). 
Five grids were established to conduct the geophysical survey across both sites. A 
Topcon GTS 233W total station was used to mark all grid corners in relation to the 
temporary datums established by TRC Inc. This insured that the coordinates collected by 
the geophysical team and TRC would accurately match within the Geographical 
Information System (GIS) used to analyze the data. A Topcon GR-3 Global Positioning 
System (GPS) was then used in concert with the total station to tie the previously 
established grids and TRC datums to Universal Transverse Mercator (UTM) Zone 17. 
Site 31MA684 (floodplain) was initially surveyed with the magnetic gradiometer 
followed by the GPR (Figures 4 and 5); 31MA774 (Hilltop) was surveyed in the same 
manner (Figures 6, 7, 8 and 9). Magnetometer data were collected by a Bartington 601 
Dual Gradiometer (Figure 10) and TerraSurveyor2 software was used for all data 
processing. The Bartington internal software limits survey grid size to either 10X10, 
20X20, or 30X30 meters. After field inspection, it was determined that 30x30 meter grids 
would most effectively cover 31MA684, the floodplain (Grids 1 and 2). After inspection 
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of 31MA774, the hilltop, three survey locations were chosen by TRC and the geophysical 
team; these included two 10X10 meter locations, grids three and five, and one 20x20 
meter location, grid four (Note: Due to the lack of significant geophysical findings in grid 
5, it was decided by TRC to not excavate this area and as such will not be discussed any 
further in this paper). 
The Ground Penetrating Radar (GPR) used was a GSSI 3000 with a 400 MHz 
antenna (Figure 11). The same grids were used in the GPR survey as with the 
magnetometer, with the GPR area coverage extending slightly further south at 31MA684 
towards Rose Creek Road and McCoy Bridge (Figure 5). Each of the grid corners were 
located by the total station (Figure 1). 
Prior to magnetometer data collection, the machine must be calibrated. This is 
done in as magnetically neutral an area as possible on site; the same location was used 
each day. The pace of the instrument operator was tested and the instrument was setup for 
that individual’s pace. The data were collected in a zigzag manner, walking the grid in 
transects based on true north then south. Two lines were collect per meter, creating 
transects at 50 centimeter intervals. Eight samples were taken per meter for a total of one 
hundred sixty per transect. The range was set to 100 nT (nanoTesla) with a threshold of 
1nT and a reject range of 50 Hertz (Hz) (Aspinall et al. 2008). The data were downloaded 
from the Bartington to computers in the Geography GIS laboratory that contained the 
TerraSurveyor software. 
The magnetometer data of each grid were individually processed, then combined 
into a composite so they could be clipped, despiked and viewed as a whole. Each 
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individual grid was first clipped to approximately 10 nT to improve visibility, then 
DeStaggered to help compensate for errors generated when operators started too soon or 
too late. All the individual grids were also DeStriped. This process helps to compensate 
for effects of different operators, instrument setup and drift. Every effort was made to 
assure that data were collected as consistently as possible. Overall the data aligned fairly 
consistently between collection units and the same and/or similar anomalies can be 
detected between the grids (Clark 1996; Kvamme 2006). 
GPR data were gathered similar to that of the magnetometer. However, there 
were no constraints on grid size and dimensions as seen with the magnetometer. This 
allowed the geophysical team to run longer transects on the floodplain. Rose Creek Road, 
which runs perpendicular to the floodplain, contains a metal guard rale that obscured the 
magnetometer data (Figure 4), so it was hoped that the GPR might be of greater use in 
that location (Figure 5). A 400 MHz antenna was used collecting data at 50 centimeter 
transects, with a dielectric constant set to 8 and data were collected in 16-bit format. 
All GPR data were downloaded from the Radan SIR3000 unit to computers in the 
Geography GIS laboratory where the data could be post-processed using Radan 7 
software. The first post-processing step was to set the data to time zero, this helps the 
profile create a true ground surface by removing space generated by the antenna carrier. 
A background filter was then applied to help normalize the data and remove noise. 
Finally, the average relative dielectric permittivity (RDP) of the soils was determined for 
each date using hyperbolic reflections visible in the vertical profiles. This was 
accomplished by using the ghost fitting tool in the migration pane of RADAN 7. After 
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fitting the curve to match hyperbolic shapes, the profile number and reflector distance 
from the transect start were recorded in a spreadsheet, along with the velocity estimated 
by the ghost fitting tool. The RDP of the soils above each reflection was calculated in 
another column using the formula published by Conyers (2004): 
K = (C/V)2 
Where: 
K = Relative Dielectric Permittivity 
C = speed of light in a vacuum, .2998 m/ns 
V = velocity of radar energy through soil, m/ns 
Following the calculation of RDP for each reflector, the mean RDP of the 
collection date were used for slice map export. Each slice was examined at a .10 m 
thickness. Each grid was saved as a .tiff file and then georeferenced for excavation 
planning and dimensional analysis using ArcMap 10.2.2 (Conyers, 2004; Lowry and 
Patch, 2010; Patch 2008; Patch 2009; Patch 2010; Radan7 Users’ Manual, 2011). 
A total of four hundred two features excavated by TRC were located within the 
remote sensing grids. A total station was used to mark each feature’s centroid. A point 
file was then created and overlaid onto the corresponding remote sensing grids in 
ArcMap 10.2.2. Transect lines, spaced 50cm apart, were generated on each grid so that 
features identified by TRC could be quickly located in the specialized geophysical 
software (RADAN 7.4.15, for GPR, and TerraSurveyor, for magnetic gradiometer) for 
analysis purposes. When comparing the geophysical signatures with the TRC generated 
feature location map, each documented feature would fall into one of three categories for 
analysis purposes: 
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● Yes (y), the geophysical data indicated the presence of a feature located in the field 
● Maybe (m), potential evidence for a feature may be recognizable in the geophysical 
data, but not enough to positively identify 
● No (n), no geophysical evidence exists that would lead researchers to identify the 
presence of a feature 
Once each feature’s location was determined in the GPR and magnetometer 
software the analyst would determine which category (Yes, No or Maybe) the feature 
would be placed. In RADAN the profile view and 3D cube were inspected to see if any 
hyperbolic reflections or anomalies existed. If a hyperbolic reflection could be seen or a 
significant geophysical anomaly was present the analyst would indicate depth and 
probably cause, such as pit or post, and a ‘y’, meaning highly confident that the 
geophysical equipment detected the feature, would be entered under the ‘GPR’ heading 
into the attribute table. Features that exhibited weak hyperbolic reflections or were in 
areas that exhibited ‘noise,’ such as coupling errors caused by the antenna going over 
furrows in a plowed field or the point location was very close to other strong geophysical 
returns, were given an ‘m’. TRC mapped features with no geophysical evidence 
associated with their locations were given an ‘n’ in the attribute table. The analysis of the 
magnetometer data was conducted in a manner similar to that of the GPR data. 
Each feature’s centroid was used to create a point file which was then overlaid on 
the gradiometer remote sensing grid. A ‘y’ was input into the attribute table under the 
‘Mag’ heading if monopolar or dipolar signatures were present and were associated with 
a feature. Magnetic signatures that appeared near the TRC points, within 50 centimeters 
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or less from the marked location, and points that were located on the edge of the remote 
sensing grids, where a complete analysis could not be completed, were given a ‘m’ under 
the ‘Mag’ heading in the attribute table. If no magnetic variance was seen within the 
vicinity of the associated point, the feature was given a ‘n’ under the ‘Mag’ heading in 
the attribute table. 
Ten sets of samples (2 in a set) of soil were collect in the field for bulk density 
analysis, which gives an indication of soil compaction (www.nrcs.usda.gov). Each set 
consisted of a sample taken from within the designated feature’s matrix and the soil 
matrix directly outside the same feature. The soil auger used to take each sample had a 
width of 0.6 tenths of an inch with a collection sample length of 3 tenths of an inch. 
English units were converted to centimeter to make calculations easier: 
Diameter=1.7 
radius=.85 
Height=9.1 
These numbers were placed into the formula: 
V=πr2h 
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To compute the Volume of the sample 
A wet and dry weight was established for all samples used in the bulk density 
analysis. This was accomplished by first weighing the tin foil tray that the soil was placed 
in, weighing the tray with the soil, and then baking the soil in a 100 degree Celsius oven 
for at least two hours to remove all the moisture from the soil. The trays were then 
weighed after the removal from the oven, subtracting the tin foil tray weight from the wet 
and dry weights of the soil so that each sample’s bulk density could be determined. The 
Bulk Density equation is: 
BD=DW/V 
Where: 
BD is bulk density 
DW is the dry weight of the soil sample and 
V is the volume of the soil sample 
(www.nrcs.usda.gov) 
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Figure 3. McCoy Bridge Geophysical Survey Grids with SSURGO Soils Overlay 
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Figure 4. MA684 Grids 1 and 2 Magnetic Gradiometer Results 
 
Figure 5. MA684 Grids 1 and 2 GPR Results, 45 Centimeters Below 
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Figure 6. MA774 Grid 3 GPR Results; 33 Centimeters Below the Surface 
 
Figure 7. MA774 Grid 4 GPR Results, 30 Centimeters Below the Surface 
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Figure 8. MA774 Grid 3 Gradiometer Results 
 
Figure 9. MA774 Grid 4 Gradiometer Results 
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Figure 10. Bartington 601 Dual Magnetic Gradiometer 
 
Figure 11. GSSI 3000 Ground-Penetrating Radar (GPR) with a 400 MHz Antenna 
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CHAPTER IV 
RESULTS 
One or both of the instruments were able to positively identify 15 cultural features 
(3.73%) and 51 (12.69%) of the cultural features were placed in the maybe ‘m’ category 
(Figure 12 and 13). TRC archaeologists categorized the excavated features within the 
remote sensing grids into six classes, with two additional items, a vessel and a feature 
referred to as a smoke hole (which will be discussed later), classified independently 
(Figure 14). Of the 402 features examined by TRC following plow zone removal in the 
remote sensing grids, 15 could be positively identified in the remote sensing data using 
one or both instruments (Figure 15). There were a total of 95 features classified as ‘non-
cultural’ (code 0), of those, three were positively identified. The remaining 307 features 
located by TRC were all associated with cultural processes. For a complete listing of all 
features refer to Appendix A. 
Within the cultural features a total of 221 were classified by TRC as ‘unassigned 
post/post associated with structure’ (Code 1). Three posts were positively identified, 
solely by the GPR. The posts ranged in diameter from 4 cm to 35.5 cm. They were 
positively detected in GPR profile and 3D cube views as deep as 40 cm below the 
surface, with the shallowest reading at approximately 21 cm below the surface. The 
largest positively identified post, feature 563, was clearly visible at the edge of the floor 
midden of structure 1. There were several smaller reflections directly before and after the 
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location of feature 563 visible in the GPR profile that may be indicative of other post 
features (Figure 16). The next category as specified by TRC was ‘maybe post/maybe post 
associated with structure’ (code 2). TRC identified 67 features falling into this class. 
Only one ‘maybe post’ was detected during the geophysical examination and the only 
instrument to do so was the gradiometer. Both the instruments had trouble locating the 
features in the post category. 
The magnetometer proved to be the most efficient instrument for locating features 
from the ‘pit, real/ambiguous,’ (code 3) category. The pit group contained 12 associated 
features. The GPR and magnetometer were collectively able to locate five of this class. 
Three pits were identifiable with both the GPR and magnetometer, two of which, features 
339 and 350, were situated close to one another in grid three (Figure 17). One additional 
pit was discernable with the GPR only (Figure 18) and two with the magnetometer only 
(Figure 19). The pit feature (feature 567) that was missed by the magnetometer was also 
described as a rock cluster by the archaeologists. It is highly likely the rocks produced the 
reflections seen in the GPR profile (Figure 18). The pits range in size from 30-145 cm 
wide and 47-172 cm long. 
The gradiometer was the only instrument that could determine the approximate 
location of the category classified as Grave (code 4). A faint anomaly was detected in the 
GPR profile and 3D view, however due to the amount of noise present and relatively 
small contrast between the grave and the surrounding soil, a positive identification was 
not possible. There were 3 graves present across both sites; the gradiometer was able to 
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successfully find one (Figure 20). Due the sensitive nature of Cherokee burials the exact 
location of the graves cannot be divulged. 
The last classification ‘hearth’ (code 5) had a total of two features associated with 
it. The geophysical instruments were both able to detect one of the two hearths. This was 
feature 569, which was associated with the winter house. The hearth measured 86x86 cm 
(Figure 21). 
Fifty-one (12.69%) of the 402 excavated features that are given an ‘m’ (maybe) in 
either the GPR or Mag heading in the attribute table. These features show potential 
evidence for a feature location in the geophysical data, but not enough to confidently 
identify them. There were a total of 15 features within the remote sensing grids that were 
categorized as ‘non-cultural’ (code 0) with an ‘m’ classification. The GPR was able to 
potentially detect 14 of these features, while the gradiometer was able to potentially 
identify one. The classification that makes up the largest portion of the ‘m’ geophysical 
survey category was the ‘unassigned post/post associated with structure’ (code 1) which 
contained 221individual locations from the TRC archaeology maps. In the analysis 27 
features were given a ‘maybe’ for the code 1 ‘unassigned posts/posts associated with 
structure’ category. The GPR can potentially identify 25 of these. The posts ranged in 
diameter from 11 to 29.5 cm and range in depth from 15 to 62 cm below the surface. In 
GPR profile 20, from Grid 2, post feature 528 appears to be faintly visible near the edge 
of the floor midden in structure 1. However due to the undulating surface caused from 
continuous plowing there are coupling errors present distorts potentially masking and/or 
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giving false readings with in the data (Figure 22). The two remaining unassigned posts 
were seen as faint magnetic monopoles in the gradiometer survey grid. 
Of the 67 features that were given a ‘maybe post/maybe post associated with 
structure’ code 2 category by TRC, seven are potentially visible in the geophysical data 
sets. Enough evidence was present in the GPR profiles for six of these features to warrant 
a classification of ‘m’. In GRP profile 21, grid 2, a faint trace of feature 530 can be seen 
(Figure 23). This GPR return also contained the coupling errors, mentioned in Figure 22, 
caused by the antenna movement over the plow zone. The depth, seen in the GPR profile 
view, ranges from 15-55 cm below the surface. The gradiometer revealed a faint 
monopole within structure 2, feature 74 possible post (code 2) and feature 70 unassigned 
post (code 1) (Figure 24). These posts range in diameter from 10-31 cm. 
The final classification where any evidence of a feature’s location was interpreted 
as an ‘m’ by one or both of the geophysical instruments is the ‘pit, real/ambiguous,’ 
(code 3) category. Of the 12 pit features excavated, two were given an ‘m’ by the GPR. 
The GPR and the gradiometer agreed that feature 508 in Grid 3 rated an ‘m’ (Figure 25). 
The gradiometer has what appears to be a monopolar anomaly associated with the feature 
location and the GPR shows faint hyperbolas. The location of feature 508 was on western 
edge of the remote sensing Grid 3 and extended out of the survey area so there was not 
enough of the feature to make a positive identification. 
The remaining 336 (85.58 percent), features, which include the ceramic vessel, 
located within the remote sensing grids and excavated by TRC were undetectable by 
either the GPR or gradiometer. A prime example of this comes from Grid 4 where at the 
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location of an excavated post, feature 372, there is no evidence of any anomaly. The GPR 
profiles 34 and 35 contain very little noise or coupling errors; yet no posthole feature can 
be detected (Figure 26). There are several considerations one must take into account 
when doing this type of survey that could explain this lack of evidence and the 
discrepancies between geophysical and archaeological results. 
A bulk density analysis was also undertaken to determine if any significant 
difference in soil density existed between the features in question and the surrounding 
soil. In general, it was found the surrounding soil matrix retained slightly more moisture 
and had a higher bulk density than the sampled post features. The difference was not 
statistically significant. 
For postholes, features 44-222, the dry weight (Figure 27) within the feature was 
consistently less than the dry weight outside the feature. The bulk density (Figure 28) was 
also consistently less inside the feature than outside the feature. The soil bulk density 
ranged from 0.92 g/cm3 to 1.5 g/cm3 inside the feature to 1.46 g/cm3 to 1.73 g/cm3 outside 
the feature. The differences ranged from a low of 0.11 g/cm3 to a high of 0.58 g/cm3, with 
an average of about 0.40 g/cm3. The posthole samples used for bulk density analysis 
came solely from the flood plain (site 31MA684) due to the vast majority of post holes 
that were recovered from there. Neither of the geophysical equipment were able to detect 
these features. 
The smokehole daub (feature 324) displayed similar results to those of the post 
features. The feature’s dry weight and bulk density within the feature were less than the dry 
weight and bulk density outside the feature with a difference in bulk density of about 0.17 
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g/cm3. The soil outside the feature revealed a bulk density of 1.57 g/cm3. However, unlike 
the post features, this feature was able to be detected by both the GPR and the gradiometer. 
The remaining features (337, 339, and 393) were pit features located on the hilltop 
(site 31MA774). The hilltop area was predominately Braddock clay loam, eroded with 2 to 8 
percent slopes (http://websoilsurvey.sc.egov.usda.gov). Feature 337 was located outside the 
geophysical survey grids. Features 339 and 393 were both located in geophysical survey Grid 
4 with feature 339 detected by both geophysical instruments. Feature 393 would likely have 
been detected with the gradiometer had the grid (Grid 4) been extended to the east-southeast 
and the linear dipole feature that ran south-southwest through the grid not been present (Figure 
9). The pits differed from the post features in that the bulk densities were greater inside the 
feature matrix than outside the feature matrix. The soil outside these features showed a bulk 
density that ranged from 1.12 g/cm3 to 1.54 g/cm3. Of the pit features, features 337 and 339 
displayed the greatest difference in bulk density between the inside and outside soil matrix; 
0.09 g/cm3 and 0.06 g/cm3 respectively. Feature 393 also exhibited a greater difference in bulk 
density inside versus outside the feature but to a much lesser degree; 0.006 g/cm3. 
Soil moisture content of the sampled features were also looked at to determine if 
any correlation existed between it and bulk density, and by association, the ability of the 
GPR to distinguish features from the surrounding soil matrix. It was assumed that as bulk 
density increased, soil moisture would decrease. To test this relationship between bulk 
density and soil moisture a simple regression analysis (Figure 29) was conducted using 
the Data Analysis module in Microsoft Excel. Bulk density was input as the independent 
variable (x) and water content as the dependent variable (y). Based on the results it was 
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found that no such relationship existed (R2=0.05, Significance F=0.34). However, when a 
scatter plot (Figure 30) was created from the data and fitted with a line of best fit, a weak 
negative relationship was observed. As expected, when bulk density increased soil 
moisture decreased. A probable cause for these conflicting results is likely due to water 
not being uniformly applied to all samples taken in the field. 
The following section will discuss a variety of geophysical features, both cultural 
and geologic in origin. It will address possible causes of the successes and misses of the 
survey, as well as elaborate on the capabilities of the instruments and the factors that 
hinder or facilitate the detection of features and objects. 
 
Figure 12. Feature Identification Results 31MA684 
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Figure 13. Feature Identification Results 31MA774 
 
Figure 14. Code Description Developed by TRC Archaeologists 
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Figure 15. Archaeological Features Identified by Geophysical Instruments: 
Features in Bold Identified by both Instruments 
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Figure 16. Feature 563: Post Associated with Structure 1 
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Figure 17. Grid 4 Pit Features 339 and 350 
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Figure 18. Pit Feature 567 
 
Figure 19. Pit Features 510 and 511 
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Figure 20. Grave Feature 340 
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Figure 21. Feature 596 Winter House Hearth 
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Figure 22. Post Feature 528 
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Figure 23. Possible Post Feature 530 
 
Figure 24. Structure 2 with Possible Post Feature 74 and Unassigned Post 
Feature 70 
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Figure 25. Possible Pit Feature 508 
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Figure 26. No GPR Return for a Known Post. Feature 372 
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Tin Wght IN Tin Wght OUT 
 
Wet Dry Difference Wet Dry Difference 
3.921 30.557 25.414 5.143 4.575 38.969 32.901 6.068 
3.514 35.729 30.908 4.821 5.033 42.332 35.649 6.683 
5.269 35.835 30.616 5.219 3.679 38.578 32.875 5.703 
3.225 30.882 26.233 4.649 4.891 40.581 33.72 6.861 
3.809 21.979 18.903 3.076 4.629 35.95 30.211 5.739 
5.688 26.279 22.305 3.974 3.295 38.178 34.103 4.075 
3.795 33.45 28.791 4.659 5.113 39.319 32.338 6.981 
4.468 39.664 33.682 5.982 4.738 38.444 31.806 6.638 
4.963 29.205 24.387 4.818 4.777 28.394 23.209 5.185 
4.529 31.059 25.61 5.449 4.339 31.661 25.513 6.148 
Figure 27. McCoy Bridge Soil Samples Wet/Dry Weights 
Fea DW-in DW-out B_Den-inside feature B_Den-outside feature 
44 post hole 25.414 32.901 1.230463833 1.592960201 
52 post hole 30.908 35.649 1.496465576 1.72600949 
72 post hole 30.616 32.875 1.482327878 1.591701365 
117 post hole 26.233 33.72 1.270117169 1.632613537 
171 post hole 18.903 30.211 0.915222233 1.462719086 
222 post hole 22.305 34.103 1.07993609 1.651157161 
324 hearth 28.791 32.338 1.39396727 1.565701559 
337 pit 33.682 31.806 1.6307737 1.539943837 
339 pit 24.387 23.209 1.180739808 1.123704851 
393 pit 25.61 25.513 1.23995352 1.235257093 
Figure 28. McCoy Bridge Soil Samples Bulk Density Rates 
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Figure 29. Simple Regression Analysis Results 
 
Figure 30. Linear Regression Line Chart Based on Simple Regression Analysis 
Displaying a Negative Relationship Between Bulk Density and Soil 
Moisture Content 
Regression Statistics
Multiple R 0.224741399
R Square 0.050508696
Adjusted R Square -0.002240821
Standard Error 0.01967108
Observations 20
ANOVA
df SS MS F Significance F
Regression 1 0.000370514 0.000370514 0.957519599 0.340782029
Residual 18 0.006965125 0.000386951
Total 19 0.007335639
Coefficients Standard Error t Stat P-value Lower 95% Upper 95% Lower 95.0% Upper 95.0%
Intercept 0.184539599 0.028234486 6.535964402 3.83192E-06 0.125221144 0.243858054 0.125221144 0.24385805
bulk density inside and outside -0.01946452 0.019891607 -0.978529304 0.340782029 -0.061255236 0.022326195 -0.061255236 0.0223262
RESIDUAL OUTPUT
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CHAPTER V 
DISCUSSION 
Site 31MA684 
Until the time of the geophysical survey Site 31MA684 has been used for 
agricultural purposes. Conyers (2004) notes that the mounds and furrows present in 
plowed fields can either scatter or focus radar energy, depending on the surface’s 
orientation to the antenna. In most cases a convex surfaces (mound) tend to scatter radar 
energy, creating no to very low-amplitude reflections, while concave surfaces (furrow) 
tend to focus radar energy, creating false high-amplitude reflections in GPR slice maps 
(Conyers 2004). The rough surface of alternating mounds and furrows can also cause the 
antenna to be continuously jarred which can cause coupling errors to occur (Figure 22), 
potentially creating false high-amplitude anomalies in GPR slice maps. Evidence of 
plowing as well as coupling errors can be seen to some degree in nearly all vertical 
profiles and horizontal slice maps in Grids 1 and 2. These occurrences can significantly 
complicate the identification of culturally significant features, particularly posts, prior to 
fill and plow zone removal which varied on the floodplain from 24 cm to 51 cm thick 
(Idol 2017). 
In addition to high-amplitude reflections being present in GPR data because of 
the above-mentioned phenomenon, high-amplitude reflections can also be caused by 
naturally occurring features; further complicating the identification of cultural features. 
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A large area of high amplitude reflections closest to the river in Grid 1(Figure 5) 
was assumed to be the combined effect of several potential factors. The stumps of freshly 
cut riparian vegetation were visible at the surface, and roots were also visible in the GPR 
profile and 3D data cube. Vertical profiles and slice maps of this area also suggested that 
a previously eroded portion of the bank may have been backfilled with soil and other 
solid objects as evident from the large amount of ‘noise’ present in the data. 
The areas closest to Bryson City Road and Rose Creek Road were visibly sloped 
from construction of the road beds. Many high amplitude anomalies were present in the 
overburden in the southeastern corner of survey Grid 2 (Figure 5), making it difficult to 
determine if cultural features were present beneath the road bed soil. Overburden from 
road construction was less of an issue in Grids 1 and 2 where they bordered Rose Creek 
Road/McCoy Bridge. 
There were several high-amplitude reflections present in the GPR profile and 
slice maps of Grid 2 that appeared to be culturally significant. The observed reflections 
were initially hypothesized to be pits or other similar cultural features. Once the plow 
zone was removed two of the reflections correlated to pit features documented by TRC; 
the others proved to be geological or non-cultural in nature. The highest amplitude 
reflections were the result of cobbles uncovered at the intersection of two plow scars 
(Figure 31), an elongated gravel or cobble bar (Figure 32) and a depressed, low lying area 
that was filled with a concentration of wet, clay rich soil (Figure 33) (Idol 2017). At first 
glance these reflections appeared as strong cultural returns. It was not until after 
mechanical stripping of the site were these returns determined to be natural; emphasizing 
54 
the fact that while geophysical surveys are extremely useful in guiding researchers to 
areas of interest prior to digging, to truly understand a site’s cultural context ground-
truthing is still a necessary task. 
The gradiometer survey of Grids 1 and 2 in the floodplain (Site 31MA684) were 
bounded to the south and east by a metal guard rail that distorted the magnetic survey 
data along the edges of the grids (Figure 4). A large linear dipole signature is evident in 
Grid 1; originating in the southwest, traversing northeast across the grid (Figure 34). Two 
similar magnetic features were excavated at Guilford Courthouse National Military 
(GUCO) Park by Stine and Stine (2013). Upon excavation at GUCO, a large outdoor fire 
with concentrations of charcoal, historic artifacts and bone were revealed. However, the 
TRC excavation of this area revealed 50 cm of modern fill soils, followed by red clay 
(Idol 2017). Similar magnetic features at Garden Creek were interpreted by Wright 
(2014) to be the product of lightning striking the ground. Other significant magnetic 
disturbances that were found to be non-cultural in nature are also evident in Grids 1 and 
2: placement of a DOT right of way marker in the northeastern portion of Grid 2, a rebar 
site datum located in the southwest of Grid 1, and other modern refuse near or at the 
surface in the area near the datum below the bridge. A scattering of other isolated modern 
iron objects visible within each grid can also be seen. 
As previously mentioned, survey Grids 1 and 2 were an agricultural field that had 
been repeatedly plowed up to the time of field investigations. As a result, a stripping 
effect due to plowing scars is visible throughout site 31MA684 (Figure 4). Plowing is 
common on sites selected for geophysical investigations, similar linear variations in 
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magnetic susceptibility are noted on two of the three sites included in the literature 
review for this paper (Clay 2001b; Horsley and Wright 2014). When such striping is 
intense, it may mask weaker magnetic anomalies associated with archaeological features 
(Clay 2001b). Horsley and Wright (2014) suggest that even though this striping effect 
clutters magnetic maps, it may also indicate areas of intense cultural activity. 
Site 31MA774 
The surface area where the GPR survey was conducted was considerably eroded 
due to the lack of vegetation present. This surface erosion created data collection 
challenges similar to those caused by mounds and furrows discussed above. Similar to 
site 31MA664, high-amplitude reflections caused by naturally occurring features can also 
be observed (Figures 6 and 7). 
In Grid 3 (Figure 6) there are several prominent high amplitude reflections; the 
largest can be observed slightly off-center in the grid. This was a large rock visible at the 
surface which created a high amplitude reflection in its corresponding depth slice map 
and profile view. Other high amplitude reflections near the surface were very likely 
similar objects. Due to the quantity of large rocks and cobbles, the identification of posts 
and pits was extremely challenging in this area. Grid 4 (Figure 7) presented a similar 
rocky substrate in its center, beginning at the crest of the hill in the northern corner and 
terminating at the southern corner. The rocky substrate can be seen at ground level in 
some profiles, predominately towards the south where erosion is most prominent. In most 
cases the rocky substrate is overlain with 5-30 cm of plow zone (Idol 2015). There were 
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far fewer high amplitude reflections present in Grid 4 versus Grid 3; likely due to rock 
and cobble size being overall smaller in size. Regardless, the strong return created by the 
rocky substrate present throughout the site masked cultural features’ reflections and made 
identification with the GPR challenging. 
The gradiometer survey of Grids 3 (Figure 8) and 4 (Figure 9) exhibited few 
modern magnetic distortions. There are two prominent modern magnetic distortions that 
can be seen in Grid 4: a DOT benchmark located in the center of the northeastern 
boundary and a linear dipolar geophysical anomaly that appears to begin at the DOT 
benchmark, terminating in the center of the southeastern boundary of the grid. No 
evidence of this anomaly could be detected in either the profile or planar view in the GPR 
data. This area was closely examined post plow zone removal, as well as in the plow zone 
profile at the edge of the stripped area, and no evidence of a trench or transmission line 
could be found. This feature may have been caused by a small wire that was either at or 
just beneath the surface, possibly being removed during stripping. Grid 4 contained a few 
small modern magnetic distortions, such as bullet casings, but overall lacked any 
significant disturbances (Idol 2017; Turner, Stine and Lukas 2017). 
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Figure 31. GPR Slice Map and Profile View of Plow Scar with Cobbles in Grid 2. 
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Figure 32. Site 31MA684 GPR Slice Map and Profile View of Gravel/Cobble Bar 
in Grid 2 
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Figure 33. Site 31MA684 GPR Slice Map and Profile View of Clay Rich 
Depression in Grid 2 
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Figure 34. Site 31MA684 Gradiometer and GPR Lightening Strike in Grid 1 
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Features Positively Identified with Geophysical Equipment 
There were a total of 95 features classified as non-cultural (Code 0), and three of 
those were positively identified. The identified features categorized as non-cultural were 
described by TRC as being post-sized in nature and as such were marked, mapped, and 
investigated; through either coring or by cross-sectioning (Idol 2017). It was determined 
no association existed between these features and any other features found on site; rather 
they were attributed to tree-related growth and decay processes or modern posts (Idol 
2017). One of the positively identified non-cultural features was located on site 
31MA684, the other two features were located on site 31MA774. There was an additional 
positively identified feature that was classified “maybe post/maybe post associated with 
structure” (Code 2). This feature was later found to be non-cultural in nature as well. An 
in-depth interpretation of the remaining 11 positively identified culturally significant 
features and the geophysical tools that could identify them is presented. Features 
positively identified are arranged for discussion by feature type and broken down by: 
those identified solely with the GPR, those identified solely with the gradiometer, and 
those identified with both the GPR and gradiometer. 
Of the 11 positively identified culturally significant features, four (Features 214, 
563, 567 and 570) were identified solely with the GPR. These features were detected on 
site 31MA684 in Grids 1 and 2. Features 214, 563 and 570 were all classified as 
“Unassigned post/post associated with structure (Code 1). Feature 567 was classified as 
“Pit (real, ambiguous)” (Code 3), but was described by archaeologist as an Archaic rock 
cluster. 
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Feature 214 was 1 of 17 outer wall posts associate with a Late Qualla structure 
(structure 4) in Grid 2 on the flood plain (31MA684). The GPR was the only geophysical 
tool that could identify this feature. It appeared in the GPR profile approximately 21 cm 
below the surface (cmbs) as a steep sided, high amplitude reflection in transect 29 of Grid 
2 (Figure 35). There was no indication of this feature in the planar map; perhaps the 
coupling error observed directly before the feature or the multiple small reflections 
immediately after the feature helped to mask it. 
Structure 4 was described as “…a circular, presumed winter house-type structure 
represented by a single wall post arc, four central support posts, and an oxidized area that 
represents a central hearth” (Idol 2017: 125). This post feature was the only post of 
structure 4 that was detectable with either geophysical tool. Once excavated, feature 214 
was found to be 17.5 cm in diameter and 19 cmbs. The depth and location noted by 
archaeologists matches very closely with what was observed in the GPR profile view 
(Figure33); confirming the correlation of the observed hyperbolic reflection with this 
feature. Based on the overall layout of the posts and the ceramic sherds that were 
collected from within the post molds, structure 4 was dated to the Late Qualla phase. The 
steeply sloped sides observed in the hyperbolic reflection (Figure 35) may be attributed to 
a small highly reflective object, perhaps a rock or modern refuse such as metal, present in 
the fill of feature 214, which enabled the GPR to detect this feature. 
Features 563 (outer wall post) and 570 (interior post of unidentified function) 
were both post features associated with a Middle Qualla phase structure (structure 1) in 
Grid 2 (site 31MA684). The GPR was the only geophysical tool capable of identifying 
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these features. They could only be observed in their respective GPR profile views 
(Figures 16 and 36). 
Feature 563 was observed in GPR profile 22 of Grid 2 (Figure 16) as a high 
amplitude reflection. There were several smaller reflections directly before and after the 
location of feature 563 (denoted by the provided feature point file from TRC) that were 
visible in the GPR profile that may be indicative of other post features. The hyperbolic 
reflection of feature 563 was noted by the analyst to begin at roughly 40 cmbs. Once 
excavated, feature 563 was determined by TRC to measure 19.5 cm in diameter and 43 
cmbs. 
Feature 570 was observed in the GPR profile view of transect 19 of Grid 2 
(Figure 36). The hyperbolic reflection was determined to be roughly 32 cmbs. Once 
excavated this feature was determined by TRC to be 15.5 cm in diameter and 39 cmbs. 
While the hyperbolic reflection did not exhibit the same signal strength as the previously 
mentioned features (features 214 and 563), its location (denoted by TRC feature point 
file) and depth combined with the presence of a high amplitude reflection, provided 
enough evidence to confidently identify the observed reflection in the GPR profile with 
feature 570. There are several posts in the proximity of features 563 and 570. It is 
probable the close proximity of these posts to features 563 and 570 helped to produce the 
high amplitude reflections observed in the GPR profiles. 
Feature 567 was in Grid 1 on the boundary of the upper and lower terrace of the 
flood plain (31MA684). A moderate-amplitude reflection was associated with this feature 
in the GPR planar map but due to the large amount of noise caused from recent plowing, 
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feature 567 was largely obscured. However, in the GPR profile a series of small, point-
source hyperbolic reflections could be observed (Figure 18). Due to multiple hyperbolic 
reflections at this location it was difficult to determine the exact depth of this feature but 
it appeared to be located approximately 25 cmbs. 
Archaeologists described feature 567 as a ‘rock or cobble cluster’ (Idol 2017:156) 
made up of up to 27 unmodified and fragmented cobbles (Figure 37) and measured 60 x 
42 cm; dating to the Middle Archaic to Late Archaic period. This was based on the 
associated Late Archaic artifacts, B horizon contexts, and Qualla phase feature fill (Idol 
2017). Idol (2017) notes that features similar to this have been documented throughout 
the Appalachian Summit region in North Carolina and eastern Tennessee; primarily in 
Late Archaic contexts. There was not an exact depth given by Idol (2017) for this feature, 
but it was noted that it appeared at the surface of the B horizon during mechanized 
stripping, which ranged from 24 cmbs (upper flood plain terrace) to over 1 meter below 
the surface (lower terrace flood plain terrace) (Idol 2017). 
The various cobbles that composed feature 567 were what most likely caused the 
clustered, high amplitude reflections to be observed in the GPR profile (Figure 37). 
Conyers (2012) describes similar reflections seen in association with historic midden 
piles where each small reflection was produced from individual objects contained within 
the pile; much like the individual cobbles associated with this feature. Idol (2017) notes 
that there was little to no evidence of continuous burning associated with this feature 
which explains why it effectively remained ‘invisible’ to the gradiometer. 
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Three features (340, 510 and 511) could be detected solely with the gradiometer. 
Feature 340 was classified as “Grave” (Code 4). Feature 340 (Figure 20) was one of three 
graves located by archaeologist on this project. The magnetic gradiometer was the only 
geophysical instrument that was capable of locating a grave feature with any level of 
confidence. A faint positive monopole which measured 130 x 70 cm, once the over-lying 
soil was removed, was detected in the magnetic map (Idol 2017). 
Respecting Cherokee wishes archaeologists did not excavate any grave features, 
therefore no definitively date was determined for this burial. 
The faint monopole observed at Feature 340 was presumably the result of the 
grave being backfilled with topsoil; topsoil tends to exhibit higher magnetic qualities than 
the surrounding subsoil. This is due to the natural tendency of insoluble iron minerals to 
accumulate in top soil while other minerals, such as calcites and silicates, tend to be 
filtered out (Kvamme 2007). Though the precise location of features observed in the 
gradiometer data may not be as accurate as the GPR, the magnetic signature enables the 
analyst to determine the subsurface feature’s relative location. This combined with the 
data collected by archaeologists, allowed the analyst to confidently identify feature 340 in 
the gradiometer map. 
Features 510 and 511were Qualla series pits located in Grid 3 (31MA774). The 
proximity of the two features were so close they appeared as one large magnetic signature 
(Figure 19). The signature appears initially as a strong positive monopolar anomaly but 
upon closer inspection the negative portion is weakly visible; offset slightly to the north 
and west. Such a strong positive signature observed may be a result of the proximity of 
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feature 510 and 511 to one another. These features could not be detected with the GPR 
due to the rocky matrix in which they were located. 
Upon excavation, feature 510 measured 47 x 32 cm. and feature 511 measured 49 
x 30 cm. Both contained several Qualla sherds, with feature 510 producing an additional 
chert flake and feature 511 an additional serrated chert point. The origin of feature 510 
(Figure 38) and 511(Figure 39) were both reported to be ‘ambiguous’ in nature as it could 
be a very small pit or simply a natural depression with ‘midden-like fill’ (Idol 2017). 
Several factors could have contributed to the magnetic signature produced by features 
510 and 511. The most probable cause stems from the high temperatures produced during 
firing episodes that introduced thermoremanent magnetism (TRM) into the soil. Features 
510 and 511 may also have become filled with topsoil upon their abandonment, making 
them easily detectable because of the magnetically enhanced topsoil (Kvamme 2008). 
Additionally, the presence of ceramic sherds found within the pits may have contributed 
to the magnetic signature observed due to the firing process that ceramics undergo 
(Kvamme 2008). 
The remaining four positively identified features (Features 301, 339, 350 and 
569) could be detected by both the GPR and the gradiometer. These were classified as 
“Pit (real/ambiguous)” (Code 3). Feature 301 was located on site 31MA684 in Grid 2. 
Features 339, 350 and 596 were located on site 31MA774 in Grids 3 and 4. 
Feature 301was a Middle Qualla pit located in Grid 2 on the flood plain 
(31MA684). The GPR and gradiometer were both able to detect this feature with varying 
degrees of success. It appeared in the gradiometer map as a weak dipole that was slightly 
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offset south and west of a high amplitude reflection seen on the corresponding GPR slice 
map (Figure 40). Feature 301 was also detected in GPR profile 4 (Figure 41); appearing 
as a steeply sloping high amplitude surface. This was corroborated by archaeologists who 
described this feature as having “irregular, in sloping sides with a rounded uneven 
base…charcoal-flecked fill with numerous unmodified cobbles…” (Idol 2017:140). 
Feature 301 appeared at the base of the plow zone, which measured 40 cm in thickness in 
the test units, measuring 172 x 125 cm (excavated measurements) and extended 30 cm 
into the subsoil (Idol 2017). The fill was classified as a dark yellowish brown (10 YR 
4/4) sandy loam in the Munsell color chart and upon excavation was found to contain a 
Qualla series sherd, several fragments of debitage, and trace animal bone (Idol 2017). 
The numerous cobbles see in the southern the fill of feature 301 (Figure 42) are what 
likely caused the high amplitude reflections seen in the GPR profile and amplitude slice 
map. The presence of charcoal flecks indicates that burning occurred in this location, 
causing thermoremanent anomalies to be introduced into the soil, allowing the 
gradiometer to recognize this feature as well. 
Feature 339 was a Late Qualla pit located on the hill top (31MA774) in Grid 4 
(Figure 17). A high amplitude reflection can be seen in the GPR slice map that roughly 
matches the excavated pit’s shape; however, it appears most distinctly in GPR profile 38 
in Grid 4 (Figure 43). Feature 339 appeared as a concave surface, approximately one 
meter wide, with a maximum depth of 31 cm. In the gradiometer data, an associated weak 
positive monopole can also be observed, slightly to the south of the excavated feature 
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boundary. Hargrave (2006) notes that such monopolar positive anomalies often identify 
the locations of pits. 
The excavated measurements of feature 339 were 120 x 112 cm and exhibited 
both in sloping and straight sides with a relatively flat floor (Figure 44). The feature fill 
was up to 21 cm thick and contained numerous Late Qualla sherds as well as three glass 
beads found within the fill (Idol 2017). The shape and width of the reflection observed in 
the GPR profile matched closely with excavation of the feature. The concave reflection 
observed in the GPR profile was likely caused by multiple firing events that baked the 
floor of this pit feature, creating a surface that retained water, which in turn produced a 
good radar reflective surface (Conyers 2012). A single, discrete high amplitude reflection 
was also detected in the GPR profile slightly above the base of the concave surface. It is 
highly probable the large stone (Figure 44) located within the pit feature’s fill was the 
source of the observed reflection. The magnetic signature that was visible in the 
gradiometer map could be the effect of thermoremanent magnetism. The numerous 
ceramic sherds, which are known to be magnetically detectable in large concentrations, 
may have also caused the positive monopole seen in the gradiometer map (Aspinall, 
Gaffney, and Schmidt 2008; Kvamme 2008). 
Feature 350 was a Late Qualla pit located three meters south of feature 339 on the 
hill top (31MA774) in Grid 4 (Figure 17). While feature 350 appeared most prominently 
in the gradiometer map, a strong reflection could be observed in GPR profile 32 (Figure 
45). The GPR profile had a concave like surface with a high amplitude reflection near the 
base of the floor and defined walls that sloped inwards towards the bottom of the feature. 
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There was also a high amplitude reflection observed in the GPR amplitude slice map in 
the location marked by archaeologists to be the pit’s approximate center. Similar to 
feature 339, the horizontal amplitude slice map did not reveal the shape of the excavated 
pit feature. Feature 350 appears as a moderately strong positive monopole in the 
gradiometer map. The magnetic signature may have appeared stronger and matched the 
shape of the excavated feature more closely had it not been distorted by the linear 
magnetic anomaly spanning the eastern and southern portions of the grid (Figure 17). 
Excavation of feature 350 (Figure 46) revealed a circular pit that measured 145 x 
145 cm and extended 35 cm into the subsoil. This feature was initially believed to be 
larger than noted above but upon closer inspection a separate pit, feature 349, appeared to 
be conjoined by a thin layer of overlapping shared fill (Idol 2017). Idol (2017) noted 
feature 350 exhibited in sloping walls with a relatively flat floor; closely matching what 
was observed in the GPR profile. The fill was described as a sequence of layered soils 
that were undistinguishable from one another in cross-section; representing multiple 
episodes of refilling with soils from comparable sources. In general, the soil was 
classified from the Munsell color chart as dark brown (7.5YR 3/4) sandy loam with 
varying charcoal content. Several Late Qualla sherds, a few lithic artifacts, and ten peach 
pits were recovered within the fill. Six unmodified large cobbles were also observed at or 
near the floor of this pit feature (Idol 2017). 
Two main factors helped the GPR detect feature 350. Indications of burning were 
present in the form of charcoal recovered from within the fill. High heat associated with 
periods of burning has been seen to create a surface that can retain water, which in turn 
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produced a good radar reflective surface (Conyers 2012). The floor of feature 350 does 
not appear as defined as that of feature 339. This may be due in part to the six cobbles 
that were recovered from within feature 350. However, it was these cobbles that further 
assisted the GPR to detect this feature. There was not a single discrete high amplitude 
reflection observed near the base of the concave reflection; rather it appears as a series of 
closely packed small reflections, indicative of what one would see in a midden pile. As 
discussed above, the magnetic signature that was visible in the gradiometer map could be 
the result of thermoremanent magnetism. However, the multiple refilling episodes that 
feature 350 underwent was doubtlessly the primary cause of the strong positive monopole 
observed in the gradiometer map.  
Feature 569 was in Grid 2 (31MA684). This feature, associated with structure 1 
(winter house), was detected by both geophysical instruments. The hearth appeared most 
prominently in the gradiometer map, with a slight indication visible in the GPR profile 
(Figure 21). The magnetic signature of the hearth appears at first glance as a strongly 
positive monopole, but upon closer examination, a weak negative portion is slightly 
visible. The GPR data did not indicate the hearth as clearly as the gradiometer, however, 
in profile 16 of Grid 2 (Figure 21) the hearth appears to be visible “as a sharp depression 
within a broader subterranean house floor” (Turner, Stine, and Lukas 2015:32). 
Excavation of the hearth confirmed the depression seen in the GPR profile. An 86 
cm diameter reddened circle that was 15 cm deep with a hardened surface constructed at 
its base was uncovered. The hearth contained two burned logs and pieces of the fallen 
smokehole daub, hardened clay likely mixed with soil or sand and fibrous material to line 
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the smokehole to keep it from catching fire, were found within this feature (Figure 47) 
(Idol 2017). Conyers (2012) notes that the heat from a fire tends to bake the bottoms of 
hearths/fire pits, which creates a surface that retains water and as a result produces a 
strong reflective surface. The signal generated by the hearth may have appeared more 
prominent in the GPR profile if not for the amount of disturbance seen above its location; 
likely caused from recent plowing. The fallen daub found within and next to may have 
also contributed to the noise observed above this feature. However, the smokehole daub 
(Figure 47) likely contributed to the strength of the hearth’s magnetic signature seen in 
the gradiometer maps; though the presence of burned material within the hearth was 
likely the leading cause. 
General Discussion 
There were a total of 402 features examined by TRC following plow zone 
removal in the remote sensing grids, of which, 15 could be positively identified in the 
remote sensing data using one or both instruments. There were a variety of reasons as to 
why many of the examined features could not be resolved with either geophysical tool. 
First, the bulk of the features examined were post holes (n=288), with the vast majority 
recovered in the floodplain. These features proved the most difficult for either tool to 
detect for their own unique reasons. The average RDP calculated for the floodplain, site 
31MA684, was 19.5 for Grid 1 and 22.9 for Grid 2 (Figure 1). This coincides with 
numbers noted by Conyers (2012) for average RDP in organic rich agricultural fields (15) 
and in saturated sands (20-30). The soil description for the floodplain is Rosman fine 
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sandy loam, 0 to 2 percent slope, frequently flooded (websoilsurvey.sc.egov.usda.gov). 
RDP values were generated in the lab using Radan7 software once the field data were 
collected. These values are averages that change with soil depth. As the radar waves 
move downward through the soil the signal attenuates, losing its strength. As a result, the 
amount of radar energy that can be returned diminishes; lowering the GPR’s ability to 
resolve features. Conyers (2004) notes that the strength of the cone is greatest directly 
under the antenna and it weakens as it spreads outward. Using the equation below can 
give the analyst an indication of how the cone, which is more of an ellipse with the major 
axis occurring along the line of travel, or ‘footprint’ may appear. Conyers (2004:61) does 
urge caution stating that this equation can only be used as a “rough approximation of 
real-world conditions.” 
A = λ/4 + D/√K+1 
Where: 
A = approximate long dimension radius of footprint 
λ = center frequency wavelength of radar energy 
D = depth from ground surface to reflection surface 
K = average relative dielectric permittivity (RDP) of material from ground surface 
to depth (D) 
(Conyers 2004:62) 
The fill and plow zone varied on the floodplain from as little as 24 cm up to 51 
cm thick (Idol 2017). This increased the GPR footprint in certain areas which affected the 
amount of transmitted energy that came into contact with subsurface features; making 
them much more difficult to detect. Conyers (2004) states that if the desired target is 
much smaller than the footprint size, then only a small portion of the transmitted energy 
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that intersects it will be transmitted to the surface. Using the above formula, the RDP of 
Grid 1 (19.51) with the 400 MHz antenna (converted to meters using Table 3.2 from 
Conyers 2004:60) and a depth of 24 cm below the fill and plow zone, the semi-major axis 
is 9.5 cm and the semi-minor axis is 4.8 cm. When 51 cm was input into the above 
equation, keeping the RDP and the antenna the same, a semi-major axis of 15.5 cm and a 
semi-minor axis of 7.75 cm was found. This created an illumination cone in Grid 1 that 
ranged from 19 x 9.6 cm to 31 x 15.5 cm. The above formula was also used to estimate 
the GPR’s cone size for Grid 2 using the RDP (22.95) for Grid 2, the same antenna and 
same depth variations. The footprint for Grid 2 ranged from 17.64 x 8.82 cm to 28.68 x 
14.34 cm. The average post size for the flood plain (site 31MA684) was 15.87 cm. These 
foot print estimates help to explain why many of the post features were undetected with 
the GPR and will be vital in future research endeavors of this type. The results indicate 
that researchers should drastically reduce transect spacing, as well as, employ a GPR 
antenna in the 500 to 900 MHz range. 
Another major problem that occurred on the survey was the plowed fields. As 
previously mentioned, mounds and furrows present in plowed fields can either scatter or 
focus radar energy, depending on the surface’s orientation to the antenna. This can create 
false high-amplitude reflections in GPR slice maps, as well as, create coupling errors 
(Figure 22) caused from the continuous up and down movement of the antenna as it 
travels across the field (Conyers 2004, 2012). The result of this phenomenon can obscure 
subsurface features completely. Plowed fields can also obscure data collected with the 
magnetic gradiometer; causing striping to occur in magnetic maps and masking of weak 
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magnetic anomalies (Clay 2001b; Kvamme 2007; Wright 2009). Researchers who plan 
on conducting geophysical surveys on sites similar to the ones mentioned here should 
strongly considering having the field harrowed with a log dragged behind the harrow to 
smooth the surface prior to data collection. 
The similarity of the soil within a feature and from the surrounding soil matrix 
also created difficulties in the geophysical survey. Statistically there were not enough 
samples to decisively determine the role bulk density, and to a lesser degree soil 
moisture, played in the detection of subsurface features using a GPR; confirmed by 
inspecting the results of the regression analysis; R2 and Significance F=0.34. Conyers 
(2012) notes that reflections usually occur in areas where differences in bulk density 
differ at stratigraphic boundaries, though this may not always be the case. A study 
conducted by Miller et al. (2002) closely examined the effects of soil bulk density and 
soil particle density in relation to GPR radar responses; paying close attention to the 
contrast between the RDP of the soil and the target feature to determine the strength of 
the reflection. The study was conducted using a 900MHz antenna in two locations that 
exhibited similar bulk density to the soil found in the flood plain. The bulk densities in 
these locations ranged from a low of 1.6 g/cm3 to a high of 1.8 g/cm3. Miller et al. (2002) 
found that bulk density and soil particle density had only minor effects on the radar wave, 
with soil moisture content exhibiting the largest effect. This study demonstrates while a 
bulk density difference of 0.2 or greater may be substantial in terms of soil science, the 
variance is inconsequential concerning GPR surveys. Future research should include 
more soil samples so that a statistically significant relationship may be found. 
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Documenting the soil moisture content at the time of collection would also be beneficial. 
A more precise measurement of soil moisture may give researchers a better 
understanding of how the water content of soil impacts the amount of information 
garnered from the geophysical tools during a survey. 
The variety of issues with the soil from high RDP values to plowing and small 
changes within the bulk density indicate the need for greater research in these areas. 
Considering the soils types and their high RDP values, coupled with the plowed fields, 
the geophysical survey was an overall success. Disregarding the posts, which neither 
geophysical tool could detect for the multitude of issues mentioned above, the 
geophysical survey successfully located approximately 50 percent of the larger features 
on the two sites. 
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Figure 35. Site 31MA684 GPR Profile of Post Feature 214 in Grid 2 
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Figure 36. Site 31MA684 GPR Profile of Post Feature 570 in Grid 2 
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Figure 37. Feature 567 (Rock Cluster) at 31MA684, Plan View, With Associated 
GPR Profile.  Photo Courtesy of TRC, INC 
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Figure 38. Pit Feature 510 at 31MA774, North Profile. Courtesy of TRC, INC 
 
Figure 39. Pit Feature 511 at 31MA774, West Profile. Courtesy of TRC, INC 
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Figure 40. Site 31MA684 Gradiometer and GPR Slice Map of Middle Qualla Pit 
Feature 301in Grid 2 
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Figure 41. Site 31MA684 GPR Profile of Middle Qualla Pit Feature 301 
 
Figure 42. Feature 301 at 31MA684, East Profile. Cobbles Located to South in 
Facade. Courtesy of TRC, Inc 
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Figure 43. Late Qualla Pit Feature 339 Site 31MA774 GPR Profile in Grid 2 
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Figure 44. Feature 339 at 31MA774, West Profile. Large Cobble Located in 
Northern Section of Fill in Facade of Pit. Courtesy of TRC, Inc 
 
Figure 45. Late Qualla Pit Feature 350. GPR Profile 32 in Grid 4 
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Figure 46. Features 349 and 350 at 31MA774, North Profile. Courtesy of TRC, 
Inc 
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Figure 47. Feature 569 (Hearth) at 31MA684 With Associated GPR Profile. 
Feature 324 (Smokehole Daub) in Background; Facing East. Photo 
courtesy of TRC, Inc 
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CHAPTER VI 
CONCLUSION 
The geophysical research that took place in October and December of 2014, near 
McCoy Bridge, North Carolina demonstrated the ability of ground penetrating radar 
(GPR) and magnetic gradiometer to detect subsurface features. This project enabled 
researchers to compare the geophysical data collected prior to plow zone removal with 
feature location maps created by archaeologists. Researchers were then able to accurately 
determine the geophysical tools’ ability to detect subsurface features found within the 
cultural landscape that once existed at sites 31MA684 and 31MA774. 
Despite the many issues encountered across both sites, the geophysical survey 
positively identified 15 (3.73%) and possibly identified, with a lesser degree of certainty, 
an additional 51 (12.69%) of the cultural features. Removing real/ambiguous posts from 
the equation, as well as the 95 features classified as non-cultural, the geophysical 
equipment recovered approximately 50 percent of the larger culturally significant features 
across both sites: 5 of 12 pits, 1 of 3 graves, 1 of 2 hearths and one smoke hole. The 
features detected by the geophysical equipment provided evidence of continued 
habitation at sites 31MA684 and 31MA774 from the Late Archaic period to the Late 
Qualla phase. 
A partial reason for the low recovery rate by the geophysical equipment stems 
from the fact that 95 of the features were non-cultural, meaning of natural origin (e.g. 
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stain in in the soil from a long dead tree) and 285 were real/ambiguous posts that only 
averaged 15.87 cm in diameter at the base of the plow zone, which varied greatly across 
both sites. Conyers (2012) states that the 400 MHz antenna is good at finding features of 
about 20 cm and larger; so even under the best of circumstances it would be very 
doubtful if many of the smaller features such as postholes would have been located. 
The fill and plow zone overlaying site 31MA684 presented their own set of 
challenges as well. Until the geophysical survey Site 31MA684 has been used for 
agricultural purposes. Conyers (2004) notes that the mounds and furrows present in 
plowed fields can alternately scatter and focus radar energy, depending on the surface’s 
orientation to the antenna. The rough surface of alternating mounds and furrows can also 
cause the antenna to be continuously jarred which can cause coupling errors to occur 
when the antenna loses contact with the ground surface. Additionally, the average RDP 
calculated for the floodplain was 19.5 for Grid 1 and 22.9 for Grid 2. The high RDP of 
the soil caused the signal to attenuate as it penetrated deeper into the soil. These 
occurrences can significantly complicate the identification of cultural features, 
particularly posts, prior to fill and plow zone removal which varied on the floodplain 
from 24 to 51 cm thick (Idol 2017). The fill and plow zone thickness increased the GPR 
footprint which decreased the amount of transmitted energy that came into contact with 
subsurface features, rendering them practically invisible. The bulk density analysis 
conducted on some of the features proved to be inconsequential; the difference was not 
substantial enough between the inside of the feature versus the surrounding matrix for the 
radar to distinguish any difference in signal. Other contributing factors that may have 
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masked the returns of the gradiometer included: a metal guard rail along the southern 
edges of Grids 1 and 2, the placement of a DOT right of way marker in the northeastern 
portion of Grid 2, a rebar site datum located in the southwest of Grid 1, and other modern 
refuse near or at the surface. 
Despite all the obstacles that were encountered on site 31MA684 the geophysical 
equipment located three posts, two pits (one a Late Archaic rock cluster and the other a 
Middle Qualla pit), one hearth and the smoke hole daub associated with the hearth. Two 
of the posts, the hearth and the smokehole daub were all associated with a Middle Qualla 
winter house. The Middle Qualla winter house was located without the typical circular or 
rectangular positive monopolar signatures associated with burned structures in magnetic 
maps or the presence of linear anomalies sometimes seen in GPR slice maps 
representative of structures (Hargrove and Beck 2001; Moore 2009; Perttula, Walker and 
Schultz 2008). 
Likewise, many of the same challenges found on the floodplain could be found on 
site 31MA774, the hilltop. The surface where the geophysical survey was conducted was 
considerably eroded. Though the plow zone was thinner on the hilltop (5-30 cm thick) the 
surface erosion created data collection challenges similar to those caused by mounds and 
furrows discussed above. While the RDP and thick plow zone did not have the same 
effect on the GPR signal, the strong return created by the rocky substrate present 
throughout the site masked the features’ reflections and made their identification with the 
GPR extremely challenging. 
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Regardless of the issues encountered on site 31MA774 the geophysical survey 
located four pits between Grids 3 and 4 and one grave. A partial cause for the low 
recovery rate were 39 features were determined to be non-cultural and three were 
real/ambiguous posts which were likely too small to be detected with the GPR. It is 
probable that an additional pit could have been detected with the gradiometer had a linear 
dipolar (Figure 9) that cuts south-southwest across Grid 4 not been present. No evidence 
of this anomaly could be detected in either the profile or planar view in the GPR data nor 
during excavation. This anomaly may have been caused by a small wire that was either at 
or just beneath the surface and was removed during stripping. 
Bulk density analysis was conducted on various samples from both sites to 
determine what, if any, influence it had on the ability of the geophysical tools to detect 
subsurface features. It was determined that statistically there were not enough samples to 
decisively determine the role bulk density, and to a lesser degree soil moisture, played in 
the detection of subsurface features be these tools. The variety of issues observed with 
the soil such as high RDP values to plowing and small changes within the bulk density 
indicate the need for greater research in these areas. Data were collected in 50 cm 
transects by the GPR and gradiometer. 
Researchers who plan on conducting geophysical surveys in the future on sites 
similar to 31MA684 and 31MA774 should strongly considering collecting data at smaller 
transect intervals so that a greater chance of detecting small features, such as posts, could 
be possible. The use of a higher frequency GPR antenna, in the 500 to 900 MHz range, in 
conjunction with the 400MHz antenna used here would be also be advised. Finally 
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having the field harrowed with a log or chain harrow to smooth the surface prior to data 
collection would help to reduce coupling errors. 
The benefits of conducting a geophysical survey before or in lieu of a full-scale 
excavation can be seen from the evidence presented in this report. A geophysical survey 
map, while highly effective at narrowing down the location of culturally significant 
features, should not be assumed to perfectly portray the subsurface features, and as such 
ground-truthing is, and for the foreseeable future will be, a necessary task to fully grasp a 
site’s cultural landscape. The geophysical survey has proven its ability to give researchers 
a better understanding of where to focus research efforts before any digging takes place; 
saving time, money and most importantly the cultural integrity of the site. 
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APPENDIX A 
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